Introduction
The Hubble Ultra Deep Field (UDF) campaign (Beckwith et al. 2006 ) has produced the deepest optical images of our universe to date. The UDF was observed by Hubble in 412 orbits that were centered in a region of the Chandra Deep Field South (CDF-S) which was also the target of the Great Observatories Origins Deep Survey (GOODS, Giavalisco et al. 2004 ) known as the GOODS south or GOODS-S. The UDF used the same Advanced Camera for Surveys (ACS) filters as GOODS, F435W (B 435 ), F606W (V 606 ), F775W (i 775 ), and F850LP (z 850 ), but covered only one field of the 15 GOODS-S fields. The UDF reached approximately uniform limiting magnitudes m AB ∼ 29 for point sources, at least two magnitudes deeper than GOODS. Both campaigns, the UDF and GOODS, did not include deep imaging in the U bandpass. Taking U-band photometry is a time consuming task because longer integrations are required to achieve comparable depth to optical images.
Only three HST U-band deep fields have been taken so far, the original Hubble Deep Field, the Hubble Deep Field South and the deepest U-band ever taken with Hubble which was part of the parallel campaign of the UDF and lies on the edge of the GOODS-S (Williams et al. 1996 , Casertano et al. 2000 , de Mello et al. 2006b ). GOODS has only partial U-band coverage with HST obtained during parallel observations (de Mello et al. 2006a ). Deep U-band ground-based images of the GOODS-S field, such as those taken with the CTIO 4m and ESO 2.2m available in the GOODS webpage 5 , are included in the multiwavelength coverage of GOODS. Although ground-based observations can cover larger fields of view than Hubble's cameras more efficiently, they do not possess the same angular resolution as space-based observations. Low-resolution ground-based images will blend together nearby detections leading to inaccurate photometric redshifts and morphological analysis.
The U-band is a critical wavelength in studies at intermediate redshifts (z < 2) since the 5 http://www.stsci.edu/science/goods/SupportObs/cdfs − mosaic/ -4 -rest-frame UV light is redshifted into the U bandpass. It is in the UV that short-lived, massive, O and B stars radiate most of their energy and therefore the U-band is necessary to probe the unobscured star-formation activity in galaxies at z < 2.
After a redshift of z∼1.5-2, the star-formation rate of the universe began to steadily decline, decreasing by more than an order of magnitude (e.g. Hopkins & Beacom 2006 , Wadadekar, Casertano & de Mello 2006 . However, it is still an open question as to what population of objects contributes to the SFR density during the decline, and whether downsizing (the shift in star-formation being dominated from large to small mass galaxies as the universe aged) plays an important role in this era (Cowie et al. 1996 , Savaglio et al. 2005 , Mouri and Taniguchi 2006 , Neistein, van den Bosch, & Dekel 2006 . Therefore, studies that use U-band observations to better understand the nature of star-forming galaxies at intermediate-z can greatly contribute to connecting the early universe and the local universe.
In this paper we present the first HST targeted U-band image of the UDF. We present the U-band object catalog, and describe the methods used for observations, image processing, object identification, and catalog preparation.
Observations
The U-band observations were obtained with the HST Wide Field Planetary Camera 2 (WFPC2) in the Cycle 13 HST Treasury proposal (Teplitz, Program 10403) . The UDF was imaged in the near UV (NUV) through the WFPC2/F300W filter (λ max = 2987Å, ∆λ=740Å) in 12 HST orbits divided into 4 roll angles to compensate for the shape of the WFPC2 chevron and achieve uniform depth. On-chip binning (2x2) was applied during WFPC2 observations to reduce the effects of read-out noise, i.e. each Wide Field became -5 -400 × 400 pixels. A total of 24 WFPC2 images were taken with individual exposure times of 1200s.
FUV imaging was also obtained in this proposal with HST/ACS Solar Blind Channel (SBC) camera at which time WFPC2 parallel observations were also made. The UDF ACS/SBC images were taken in 50 HST orbits using the long-pass quartz filter (F150LP) (λ eff = 1614Å, and FWHM=177Å). The FUV was imaged in 25 pointings. Each pointing had a four point dither pattern with two 650s exposures at each dither position. The total exposure time per pointing was ∼5200s (Siana et al. 2007 ).
Image Processing
The WFPC2 images were retrieved from the HST archive for further processing. We combined the 24 WFPC2 images with the MultiDrizzle code in the PyDrizzle package (Koekemoer et al. 2002) . These images were taken using a dithering technique that reduces effects of pixel-to-pixel errors and allows one to better remove hot pixels, bad columns, and charge traps from the image. Dithering also allows the recovery of information lost to undersampling by pixels that are not small compared to the point spread function (PSF). MultiDrizzle simplifies and automates the detection of cosmic-rays of these dithered observations. We used calibrated flat-fields from the HST pipeline and ran the MultiDrizzle script through the following steps. First, a static mask was created to identify bad pixels, then each image was sky-subtracted, shifts were determined from header coordinates for each image and were applied in drizzling each image separately onto registered output images. Next, a median image was created from these separate drizzled images and was blotted back to each original input image. Finally, the blotted images were used to compute cosmic ray masks, and the final drizzle combination was performed using these masks. 
Object Identification And Catalog Preparation
The catalog of U-band sources was produced using SourceExtractor version 2.5 (Bertin & Arnouts 1996, hereafter SE) . Initially, we created both a low-σ (1.5σ above background noise) and a high-σ (3σ above background noise) catalog. The high-σ catalog contains all visually confirmed sources in the image, while the low-σ catalog may contain spurious detection. The difference between the SE parameters specified for these two catalogs was the detection threshold relative to the background RMS. For both catalogs, the minimum area of adjoining pixels for a detection was 15 pixels, and the minimum deblending parameter was set at 10%, except for a few cases where we set the deblending value in order to avoid -7 -multiple detections in one single object. This is particularly critical for source detection in U-band images since star-forming regions can appear as multiple clumps in one object. SE might detect those clumps as individual objects making false identifications.
The GAIN, MAG − ZEROPOINT, and SATUR − LEVEL parameters which are specific to the WFPC2 camera were set to 7 e − /ADU, 20.77 mag, and 2 ADU/s, respectively. The weight map produced by the drizzling process was used by setting the weight map type to MAP − WEIGHT. Photometric measurements of each source were calculated using SE's automatic aperture magnitudes (MAG − AUTO). MAG − AUTO uses a Kron (1980) flexible elliptical aperture to measure the total magnitude of each source. Instead of using the classical aperture photomery with a fixed aperture radius, MAG − AUTO has the advantage of limiting the background noise while detecting light from faint sources more effectively.
The size of the background mesh which is subtracted from the photometry of each source (BACK − SIZE) was set to 64 pixels, and its RMS value is used to calculate photometric errors. We cleaned the high-σ and low-σ catalogs removing sources with photometric errors
The resulting U-band catalog includes all detections from the high-σ catalog, and the remaining objects visually confirmed from the low-σ catalog. The U-band 1.5σ limiting magnitude measured within a 1 ′′ diameter aperture is 23.5mag (AB) (Figure 2 ).
Visual Identification Of U-Band Sources
We have visually checked each SE U-band detection in order to decide (i) if a single source detection is actually multiple sources, (ii) if multiple source detections are single sources, (iii) if a detection is too noisy, or (iv) if there are any faint UV sources which are not detected. When such cases occur, SE parameters can be adjusted to maximize U-band -8 -source detections in the UDF image, and non-detections can be omitted from the catalog.
We have also visually identified the U-band sources within a Hubble ACS/B-band image of the GOODS-S field that overlaps the UDF. The B-band sources had been cataloged by the GOODS team using SE and have matched aperture photometry in multiple ACS bands (V,i,z) (Dahlen et al. 2007 ). The B-band catalog also lists spectral types (see §5 for definition) and photometric redshifts with a typical GOODS accuracy of ∆ z =0.8 (where (Dahlen et al. 2007 ) for each source. If a U-band detection could not be visually identified as one of the objects in the B-band catalog it was removed from the U-band catalog. We did this because the B-band data is much deeper (limiting 10σ sensativity is 27.8; Giavalisco et al. 2004 ) than the U-band, and we would not expect to detect a source in the U-band without also seeing it in the B-band. During this cleaning the majority of spurious U-band detections located in the borders of the WFPC2 image were removed. We also discovered five B-band objects that corresponded to multiple detections in the U-band. This was a result of setting SE's deblending parameters to a low value in an effort to detect as many U-band sources as possible. This parameter was adjusted in an additional SE run to obtain single detections of these sources. The final U-band catalog contains 96 objects.
Catalog Matching
We matched the final U-band catalog to the far-UV catalog of the UDF created from the ACS/SBC observations described in Section 2 (Siana et al. 2007) . Each ACS/SBC source was matched to the nearest U-band object within a 2.5 ′′ radius. The typical difference between WFPC2/F300W coordinates (RA and Dec) and ACS/SBC coordinates of the same object is 0.1 ′′ . Thirteen U-band sources do not have FUV detections because they are outside the ACS/SBC footprint. Any ACS/SBC sources with signal to noise < We searched for all U-band objects in the GR4 and found 28 detected by GALEX/FUV and 45 in the NUV. Since GALEX resolution is significantly lower than Hubble's (GOODS ACS image has 0.03 ′′ /pixel) we have searched for objects where confusion might be problematic and one should use the GALEX data with caution. We found 22 objects where confusion was an important factor in the NUV and FUV and have flagged them in the catalog. In Figure 3 we show an example of a single GALEX NUV detection of at least four identified objects in the U and B-band. Table 1 presents the U-band catalog of the UDF NUV sources. Columns (1) and (2) are the GOODS World Coordinate System (WCS) Right Ascension and Declination in degrees. Three objects with Chandra X-ray detections (Koekemoer et al. 2004 ) are flagged (11) and (12) list photometric redshifts (z phot ) for all objects, and available spectroscopic redshifts (z spec ) for 21 objects. The z spec are from the GOODS collaboration (taken from the ESO/GOODS-S spectroscopy masters catalog 6 ), and Figure 4 plots z spec as a function of z phot for these objects. Column (14) are spectral types from the GOODS B-selected catalog based on spectral energy distributions from Coleman et al. (1980) and Kinney et al. (1996) . Type 1 galaxies are early-types (E, S0, Sa), type 2 are Sbc, type 3 are Scd, type 4 are irregulars, and types 5 and 6 are starbursts SB1 and SB2. The SED templates of SB1s and SB2s are differentiated by the values of intrinsic color excess, E(B-V). SB1 has E(B-V)≤0.10, and SB2 has 0.11≤E(B-V)≤0.21 (Kinney et al. 1996) . The U-band catalog, including U, FUV, B, and BVi postage stamp images of each source, is available online at:
The Catalog
http://goods.gsfc.nasa.gov/release/UDF − F300W/original/gallery/udf − u − fuv.html.
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